Many studies of multisensory spatial localization have shown that observers' responses are well-characterized by Bayesian inference, as localization judgments are influenced not only by the reliability of sensory encoding, but expectations about where things occur in space. Here, we investigate the frame of reference for the prior expectation of objects in space. Using an audiovisual localization task, we systematically manipulate fixation position and evaluate whether this prior is encoded in an eye-centered, head-centered, or hybrid frame of reference. Results show that in a majority of participants, this prior is encoded in an eye-centered frame of reference.
Introduction
Spatial perception presents a unique problem for neural systems: different sensory modalities initially encode space in different frames of reference, and these must be reconciled to produce coherent perception of the environment (Andersen, 1997) . For example, in audiovisual spatial perception, visual stimuli are encoded with respect to the retina (in an "eye-centered" frame of reference) (Fetsch, Wang, Yong, Deangelis, & Angelaki, 2007) , auditory stimuli are encoded with respect to the head (in a "head-centered" frame of reference) (Peña and Konishi, 2001) , and the brain must determine whether to use an eyecentered reference frame, a head-centered reference frame, or hybrid reference frame to combine information from the two modalities and derive the location of objects and events in space (Pouget, Deneve, & Duhamel, 2002) . As stimuli in the world are generally multisensory (Matusz, Dikker, Huth, & Perrodin, 2018) , the question of how the brain decides which representational space to use to integrate sensory signals extends across a wide range of environmental scenarios.
Several studies, some of them with very large sample sizes (ranging from 130 to 380 observers), have shown that human audiovisual spatial localization can be accounted for remarkably well by Bayesian causal inference (Beierholm, Quartz, & Shams, 2009; Körding et al., 2007; Odegaard, Wozny, & Shams, 2015; Wozny, Beierholm, & Shams, 2010) . In this model, an observer's percept is a function of the reliabilities of unisensory encoding (likelihoods), a prior reflecting the a priori probability of inferring a common cause for sensory stimuli (the "binding tendency"; Odegaard and Shams, 2016; Odegaard, Wozny, & Shams, 2017), a spatial prior reflecting any bias to particular regions of space, and the decision-making strategy. In all of these studies, the spatial prior was shown to account for specific localization biases, such as the tendency to localize visual responses closer to the center of gaze. However, in these previous studies, the eyes and head of the observers were aligned. Therefore, it remains unclear whether the spatial bias is centered in the eye-centered or head-centered frame of reference, or even a combination of these frames. Changing eye position in either a transient or sustained manner has been shown to strongly influence auditory spatial perception (Cui, Razavi, O'Neill, & Paige, 2010; Dobreva, O'Neill, & Paige, 2012; Razavi, O'Neill, & Paige, 2007) . Therefore, in this investigation, we asked the following question: how does eye position influence the spatial prior?
Three possibilities exist for how eye position may influence the spatial prior (Fig. 1) . If the frame of reference of amodal representation of space is head-centered, then the direction of gaze will not affect the spatial prior (Fig. 1A) . Alternatively, the brain may use an eye-centered frame of reference in audiovisual spatial perception, and therefore this prior, which has previously been shown to be centered at the middle of gaze in most participants (Körding et al., 2007; Odegaard et al., 2017) , may shift to align itself with each new gaze position (Fig. 1B) . Finally, it remains possible that this prior is encoded in some hybrid reference frame and may only exhibit partial shifts as the gaze position changes
